INTRODUCTION
Sugars supply necessary carbon and energy for the vast majority of metabolic processes in plants. Moreover, they act as signaling molecules in a wide number of physiological processes such as growth, development and senescence (Rolland et al., 2006; Baena-González and Sheen, 2008; Hanson and Smeekens, 2009; Eveland and Jackson, 2012) . To date the most studied sugar signaling factors include HEXOKINASE1, SNF1-RELATED KINASE (SnRK1), TOR KINASE and C/S1 bZip factors (Baena-González and Sheen, 2008; Hanson and Smeekens, 2009; Eveland and Jackson, 2012) . Sugar signaling pathways interact extensively with hormone pathways and these interactions are partly responsible for the control of basic physiological processes (Rolland et al., 2006; Eveland and Jackson, 2012) . Studying the nature of these interactions and the mechanisms of control involved in them will lead to a better understanding of these physiological processes. In this vein, awareness of the crosstalk between sugars and hormones has arisen from studies with mutants of the hormonal pathways and/or sugar responses. For instance, a key link between sugars and abscisic acid (ABA) is exemplified by ABA INSENSITIVE4, which encodes an Apetala2 domain containing transcription factor that binds a CE1-like (coupling element1-like) element present in many ABA and sugar regulated promoters and is required in the glucose-mediated developmental arrest during vegetative morphogenesis (ArenasHuertero et al., 2000; Dekkers et al., 2008) . Despite this, there is relatively scarce information available on transcription factors regulating sugar-hormone crosstalk.
The Asr (for ABA, stress, ripening) gene family is widely distributed in higher plants (Carrari et al., 2004; Frankel et al., 2006; Fisher et al., 2011) and constitutes group 2012). Although the involvement of Asr genes in various abiotic and biotic stresses has been described (Amitai-Zeigersona et al., 1995; Jeanneau et al., 2002; Kalifa et al., 2004b; Yang et al., 2005; Liu et al., 2010; Dai et al., 2011; Virlouvet et al., 2011; Henry et al., 2011; Hsu et al., 2011) , the exact molecular mechanism underlying their function remains unknown. Nevertheless, it has been demonstrated that the VvMSA (for Vitis vinifera MATURATION-, STRESS-, ABA-INDUCED PROTEIN; a grape ASR) protein interacts with a DREB (for DROUGHT RESPONSE ELEMENT BINDING) transcription factor in the nucleus (Saumonneau et al., 2008) .
Several Asr orthologous and paralogous genes have been found to be transcriptionally regulated by ABA and sugars (Amaitai-Zeigerson et al., 1995; Rossi et al., 1998; Çakir et al., 2003; Kalifa et al., 2004a; Liu et al., 2010; Chen et al., 2011; Henry et al., 2011; Virlouvet et al., 2011) . Furthermore, a model for VvMSA transcriptional regulation at the convergence of glucose and ABA signaling cascades through HEXOKINASE1 and SnRK1 has even recently been proposed (Saumonneau et al., 2012) . Although the physiological role of Asr genes has proven elusive, VvMsa has been clearly demonstrated to recognize specific binding sites in the promoter/enhancer region of the hexose transporter VvHt1 (Çakir et al., 2003) . In tubers of transgenic potato plants, the levels of expression of Asr1 negatively correlated with tuber glucose content and mRNA levels of the hexose transporter Ht2 (Frankel et al., 2007) . Recently, it has been reported that the overexpression of ASR1 in maize has a large impact on vegetative biomass and that this phenotype correlates with changes in the branched-chain amino acid biosynthesis (Virlouvet et al., 2011) . The molecular studies mentioned above suggest that ASR1 could play a regulatory role in the crosstalk between primary carbon metabolism and hormone signaling. In order to gain insight into the physiological role of ASR1, we generated and comprehensively evaluated transgenic Nicotiana tabacum plants with altered expression levels of Asr1. Our results indicate that ASR1 regulates leaf glucose levels and carbon partitioning.
Moreover, both hormone levels and sensitivity analyses suggest that this protein is not only involved in glucose signaling but also in glucose-ABA and glucose-gibberellin crosstalk in photosynthetically active leaves. These combined data are discussed in the context of current models of sugar and hormone sensing and their influence on whole plant carbon partitioning.
Results

Generation and selection of tobacco transgenic lines
Fifty and thirty-four independent shoots of T0 antisense and sense lines, respectively, were obtained after selection in kanamycin-containing medium and transferred to the greenhouse. These lines were screened on the basis of the levels of Asr1 expression by means of Northern blot (data not shown). For further analyses, three lines from each construct were selected (namely, overexpressors S14, S22 and S31, and silenced lines AS2, AS26 and AS42) and propagated in vitro in order to obtain six plants per line, which were subsequently analyzed by Western ( Figure 1A ) or Northern ( Figure 1B ) blots of fully expanded leaves.
Progeny tests of the six transgenic lines showed segregation ratios of 3:1 (resistance:susceptibility to kanamycin) suggesting a single copy insertion of the transgene. In addition, two transgenic lines (one overexpressor -S 22-and one silenced -AS 2-) were selfed to T4 homozygous generation: two siblings per line in T1 generation were selected through progeny tests for further experiments in order to avoid possible maternal effects. Thus, siblings S 22 2 and S 22 3 derive from S 22 and siblings AS 2 2 and AS 2 4 derive from AS 2. When these lines were analyzed by qRT-PCR (quantitative real time PCR), significant reductions and increments in Asr1 mRNA levels were confirmed in fully expanded leaves of antisense and sense plants, respectively, in comparison to wild-type (WT) controls ( Figure 1C ).
Phenotypic characterization of Asr1 transgenic lines
Selected transgenic lines were grown alongside wild-type controls and characterized in detail phenotypically. The three silenced lines showed a severe stunted phenotype (Figure 2A) not shown). This phenotype is reflected in a significant decrease in stem fresh matter accumulation after six weeks of growth ( Figure 2C ). In homozygous silenced lines, average internode lengths were shorter and consequently plant height and stem matter accumulation were again significantly reduced (Figure 2E, F and H) . Also, these plants showed a dramatic reduction in fresh matter accumulation in leaves and roots ( Figure 2H ), which was not observed in T0 silenced lines (Figure 2B and 2D) , and an extended flowering time ( Figure 2G ). By contrast, overexpressing lines showed no differences in any of the measured traits ( Figure 2 ).
Fully expanded leaves from silenced lines were also characterized by chlorotic and necrotic spots that appeared early during leaf expansion ( Figure 2A ). When they were assayed for the oxidation of diaminobenzidine (DAB) by the H 2 O 2 content of the cells, the typical insoluble brownish precipitate was stronger in silenced lines (Supplementary Figure 1) . Since this phenotype could be related to leaf senescence, ASR1 protein levels were assessed by Western blot in leaves of wildtype plants. Older leaves, whose senescence is more advanced, accumulated higher levels of the ASR1 protein (data not shown).
Photosynthetic parameters are altered in Asr1 silenced lines
We reasoned that the dramatic reduction in fresh matter accumulation along with the early chlorosis in expanded leaves observed in the silenced Asr1 lines ( Figure   2 ) could be related to a reduction in CO 2 assimilation. Indeed, this parameter resulted significantly reduced in the homozygous silenced plants at all tested PARs (photosynthetically active radiations) ( Figure 3A ). However, transpiration rate and leaf conductance were reduced only at high irradiances ( Figure 3B and C). These results correlated with weaker intensities of the bands corresponding to the large and small subunits of Rubisco in leaves from these plants, which also seem to have a different protein pattern (Supplementary Figure 2) . On the other hand, homozygous overexpressing lines were invariant in comparison to wild-type plants in all measured parameters (Figure 3 ). Figure 4A ). In the experiment performed with homozygous lines, the diurnal curve of leaf sugars showed that silenced plant leaves accumulated between three and ten times more glucose than wild-type and overexpressing lines ( Figure 4B ).
However, no other variations in sugar contents were observed either in the silenced or overexpressing lines ( Figure 4A and B). since tobaccos are sucrose apoplasmic loaders (von Schaewen et al., 1990; Sonnewald et al., 1991; Riesmeier et al., 1994) .
[U-
C]Glucose assimilation in leaves
In order to study whether glucose assimilation in leaves could be affected by Asr1, Figure 5 ). However, distribution of radioactivity between soluble and insoluble metabolite fractions differed significantly after 225 minutes of incubation (and also after 60 and 120 minutes, not shown); percentages of soluble fraction, which is mainly composed of starch, membrane components and proteins, revealed a minor, albeit non-significant, decrease in the silenced plants ( Figure 5 ).
In the overexpressing lines, the opposite effects were observed ( Figure 5 ). Within the soluble fraction, the neutral fraction (mostly soluble sugars) was also significantly increased in silenced plants ( Figure 5 ). Moreover, the combined acid and basic fractions, which together are composed by major components of the tricarboxylic acid cycle, were decreased in the three silenced plants compared to wild-type controls ( Figure 5 ). In addition, neutral fractions were separated in thin layer chromatography (TLC) plates alongside authentic radioactive sugar standards. This analysis revealed up to eleven-fold increases in glucose to sucrose ratios in silenced plants, whereas these ratios were unaltered or marginally reduced in the overexpressing lines ( Figure 5 ). When taken together, these results thus suggest that glucose metabolism is impaired in silenced plants.
ABA and gibberellin metabolisms are altered in Asr1 plants
Regulation of the Asr gene family at the mRNA levels by ABA is well documented in tomato (Amaitai-Zeigerson et al., 1995; Rossi et al., 1998 Rossi et al., ), grape (Çakir et al., 2003 and maize (Virlouvet et al., 2011) . It is also known that glucose modulates genes involved in abscisic acid (ABA) biosynthesis and signaling (Rolland et al., 2006) . Therefore, we next measured ABA contents by LC-MS/MS (liquid chromatography coupled with tandem mass spectrometry) in source leaves. In homozygous silenced plants, ABA levels were significantly reduced (more than or equal to three times) ( Figure 6A ). Conversely, overexpressing plants showed a marginal increase in the levels of this hormone, however this was only statistically significant in line S 22 3 ( Figure 6A ).
We also reasoned that the stunted phenotype of the silenced lines could be due to altered gibberellin levels and decided to quantify these hormones in expanded Figure 6B ). GA 34 was convincingly detected but the level was below the reliable level of quantification. A reconstruction of the most probable pathway of gibberellin metabolism in tobacco leaves was carried out based on the pathways published by Yamaguchi (2008) and MacMillan (1997) ( Figure 6B ). GA 1 was the only growth-active gibberellin which could be detected and quantified ( Figure 6B) . Surprisingly, silenced homozygous plants did not show alterations in the levels of this gibberellin ( Figure 6B ).
However, both its immediate precursor GA 20 and its degradation product GA 8 turned out to be significantly reduced and increased, respectively, in silenced plants ( Figure 6B ). GA 29 , which derives from GA 20 , is also reduced in silenced plants ( Figure 6B ). In contrast, overexpressing plants showed a marginal, though significant, decrease in GA 1 ( Figure 6B ). Except for GA 23 , which showed increased and decreased levels in the antisense line AS2 4 and in the overexpressing line S22 2, respectively, there were no changes in the levels of other active gibberellin precursors (GA 53 and GA 19 ) ( Figure 6B ). For a more comprehensive analysis, product to substrate ratio for each oxidation step was calculated. Table I ). These results suggest that both GA20-oxidase and GA3-oxidase activities are altered in silenced plants.
Sensitivity to GA 3
Given that GA 1 , the only growth-active gibberellin that was detected, is unaltered in the stunted silenced plants and that the levels of ASR1 protein were increased in leaves of wild-type plants following a GA 3 treatment (data not shown), we decided to investigate if the shorter internode lengths of the silenced plants were a consequence of an alteration in gibberellin sensitivity.
For this purpose, the fold-change in stem growth curve was used as a measure of the response to GA 3 . Although clear phenotypic differences were observed after fifty-three days of GA 3 treatment between the silenced and wild-type plants ( Figure   6C ), slopes of GA 3 -treated silenced plants were similar to those of the wild-type controls, thus suggesting similar extent of GA 3 sensitivity between the genotypes ( Figure 6D ). Table II) .
Asr1 cross-talks at sugar transport and signaling by regulating mRNA levels
It has been described that a grape ASR protein binds to conserved motifs in the promoter/enhancer region of the VvHt1 monosaccharide transporter (Çakir et al., 2003) . In order to test a possible connection between Asr1 and sugar transporters in tobacco, we evaluated the mRNA levels of four putative sugar transporters, namely: Ht1 (ortholog to VvHt1), Sut2 (for Sucrose transporter2; Meyer et al., 2000; Hackel et al., 2006) , Tmt3 (for Tonoplast monosaccharide transporter3; Wormit et al., 2006) and Vgt (for Vacuolar glucose transporter, although it seems to be localized to the chloroplast membrane; Büttner, 2007). Silenced homozygous plants showed lower mRNA levels of Ht1 and Sut2 than wild-type plants ( Figure 7A and B). However, no differences were observed in the mRNA levels of Tmt3 and Vgt in these plants ( Figure 7C and D). To gain further insight into the glucose signaling pathway, we also measured the mRNA levels of hexokinase1 and SnRk1.1 (the catalytic subunit of SnRK1), two key genes in the glucose signaling pathway. Silenced homozygous plants had higher mRNA levels of hexokinase1
and lower mRNA levels of SnRk1.1 ( Figure 7E and F). By contrast, overexpressing plants were invariant with regard to the mRNA levels of any of these genes ( Figure   7 ). 
Discussion
Silencing Asr1 in tobacco resulted in dramatic alterations in all measured physiological parameters. By contrast, Asr1 overexpression did not generate significant changes under controlled growth conditions. Previous studies have
shown that the grape ASR ortholog, VvMSA, regulates the expression of the hexose transporter ht1 gene (Çakir et al., 2003) . Interestingly, the Asr1 transcript is expressed in the companion cells of the phloem of tomato leaves (Maskin et al., 2007) . Likewise, ht1 is expressed in the phloem region of vascular bundles of grape leaves, petioles and fruits (Vignault et al., 2005) . Intriguingly, Asr1 silencing led to reduced mRNA levels of the tobacco ht1 ortholog and high leaf glucose levels ( Figures 7A and 4) . We also found that glucose metabolism is impaired in the silenced plants ( Figure 5 ). According to the proposed role of transporters such as HT1 (Lalonde et al., 2003; Vignault et al., 2005; Slewinski, 2011) , the decreased expression of ht1 could explain the increased levels in glucose, since a failure of phloem cells to retrieve hexoses would result in sugar accumulation in the apoplast. It is conceivable that glucose could spread to other cell types such as parenchyma and mesophyll cells. This hypothesis is in agreement with the phenotypic alterations observed in silenced plants which are associated with high levels of glucose in mesophyll cells (see below). Expression of the Sut2 gene was also downregulated in silenced plants ( Figure 7B ). Sut2 is a sucrose transporter localized to the sieve elements of the phloem whose expression is regulated by sucrose and whose function in leaf tissues has not been elucidated (Barker et al., 2000; Meyer et al., 2004; Hackel et al., 2006; Kühn, 2011) . Sut2 downregulation could be due to a direct regulation by ASR1 considering that proteins of sieve elements are synthesized in companion cells (Liesche et al., 2011) . Even though carbon assimilation is lower in silenced plants, total leaf sucrose levels are unaltered ( Figures 3 and 4) . Hence, the low levels of sucrose in phloem sap could be explained by the decrease in sucrose loading into the phloem in order to maintain normal leaf sucrose levels.
The effect of glucose as signal molecule is partly mediated by HEXOKINASE1, which among other functions, is involved in the inhibition of photosynthetic gene transcription (Moore et al., 2003) and the development of senescence (Dai et al., 1999) . Another pivotal protein in sugar sensing and signal transduction is SnRK1, a global regulator of plant metabolism which controls energy-conserving processes and the remobilization of alternative energy sources (Ghillebert et al., 2011) .
SnRK1 regulation seems to rely on the overall energy status of the cell, independently of specific sugar molecules, and both sucrose and glucose have a repressive effect on SnRK1 target genes (Baena-González and Sheen, 2008 (Xu et al., 2002; Boulori-Moghaddam et al., 2010) .
Gibberellin metabolic pathway also considerably differed in these lines ( Figure 6B ); ratios of a given gibberellin and its precursor were altered (Supplementary Table I ), probably as a consequence of changes in the activities of GA20 and GA3-oxidases. Also, treatment of wild-type plants with GA 3 increases and/or stabilizes the level of ASR1 protein (data not shown). This is in agreement with the increased transcript levels of rice ASR5 occurring upon treatment with GA 3 (Takasaki et al., 2008) . That interactions between gibberellins and sugars occur in the leaves is precedented as it has been described that gibberellins regulate photosynthesis and source-sink relationships via the regulation of SPS (for SUCROSE PHOSPHATE SYNTHASE) and invertases (Biemelt et al., 2004; Huerta et al., 2008; Iqbal et al., 2011) . As for other hormones, the regulation of the bioactivity of gibberellins can also be achieved by the glycosylation of its species (Boulori-Moghaddam et al., 2010) . Regulation of ASR1 by ABA, GA and sugars thereby provides a novel link between hormonal and sugar pathways.
A remarkable aspect of the phenotype of the silenced plants is the occurrence of necrosis and chlorosis of the leaves (Figure 2A) . Along with the decrease in CO 2 assimilation ( Figure 3A) , the degradation of the large and the small subunits of Rubisco (Supplementary Figure 3) , the accelerated deterioration of the leaves after a period of incubation (Supplementary Figure 2) and the increased ROS (reactive oxygen species) levels in leaves ( Supplementary Figure 1) , these phenotypes indicate that these plants undergo a process of accelerated senescence (Yoshida et al., 2002; Rolland et al., 2006; Gregersen et al., 2008; Breeze et al., 2011) . It has been proposed that developmental senescence is leaded by increasing levels of glucose in mesophyll cells and that the sugar signaling during senescence is dependent on HEXOKINASE1 (Dai et al., 1999; Rolland et al., 2006; Slewinski, 2011; Wingler et al., 2012) . It is thus conceivable that the increments in glucose and hexokinase1 transcript levels in silenced plants (Figures 4 and 7E ) could trigger leaf senescence. Furthermore, high glucose levels inhibit photosynthesis by downregulating transcription of photosynthetic genes through HEXOKINASE1 (Sheen et al., 1990; Moore et al., 2003) . In turn, photosynthesis inhibition can also lead to senescence (Dai et al., 1999) . Moreover, silenced plants also show high levels of hydrogen peroxide, a reactive oxygen species (ROS) (Supplementary Figure 1) . This molecule could also contribute to the establishment of senescence, since ROS can act as signaling molecules that activate senescence genes (Jongebloed et al., 2004; Boulori-Moghaddam et al., 2010) . Additionally, it has been proposed that a drastic overshoot of the ROS levels can serve as a trigger of senescence after the release of HEXOKINASE1 from the mitochondrion (or the chloroplast) membrane (Boulori-Moghaddam et al., 2010 SnRK1 activity accelerates senescence and the opposite occurs with high SnRK1 activity at different stages of plant development (Rolland et al., 2006; Cho et al., 2012; Wingler et al., 2012) . Silenced tobacco plants displayed decreased SnRk1.1 mRNA levels ( Figure 7F ), a feature that could be influencing the early onset of senescence. In brief, our results suggest that the altered levels of glucose, hexokinase1, SnRK1.1 and ROS all contribute to the early onset of senescence observed in the silenced plants.
At the hormonal level, ABA is not necessary for the induction of senescence associated with sugars (Pourtau et al., 2004) . Gibberellins, on the other hand, delay senescence (Gan, 2010) . Although the silenced plants revealed no significant differences in GA 1 content ( Figure 6B ), we cannot exclude that other gibberellin species and/or other hormones may be influencing the observed phenotype. The role of ASR in senescence is also supported by the fact that levels of this protein increase as leaf age progresses (data not shown), and by the suggestion of the involvement of the maize Asr1 ortholog in stress induced senescence (Jeanneau et al., 2002) . Surprisingly, GA 3 treatment provoked a remarkable deterioration in the silenced plants ( Figure 6C ). This is opposite to the known effects of gibberellins on plant senescence (Gan, 2010) . Therefore, we suppose that the observed phenotype is likely the result of a complex interaction of changes caused by the lack of ASR1 and the treatment with GA 3.
In addition to accelerated senescence, silenced plants showed other phenotypic changes: dwarfism, delayed flowering and reduced biomass (Figure 2 ). These traits are complex and likely regulated at different levels. Some of the most likely causes of these changes are the lower rates of photosynthesis ( Figure 3 ) and the concomitant reduction in sucrose export which implies a decrease in carbon flow to sink organs (Supplementary Figure 2) and the hormonal alterations ( Figure 6) probably caused by the increased glucose levels in the leaves. Additionally, there could be a change in the uptake of sugars by sink organs. Regarding the latter, although ASR1 is probably not directly involved in phloem unloading, as this process is symplasmic in developing tobacco leaves (Ding et al., 1988; Turgeon, 1987) , it may play a role via HT1 in retrieval of the hexoses as was mentioned Dwarfism is a typical phenotype associated with a deficit of active gibberellins.
Although, there were no changes in the levels of GA 1 , the reduction in GA20 in mature leaves of silenced plants could potentially explain its phenotype ( Figure   6B ), since it has recently been proposed that maturing leaves of tobacco shoots produce GA 1 or GA 20 as signal molecules necessary to stimulate the growth of stem cells (Dayan et al., 2012) . On the other hand, silenced plants were able to elongate the internodes in response to GA 3 , confirming that GA 3 sensitivity was not modified ( Figure 6D ). It is noteworthy that our observations are in agreement with a previous work where manipulation of GA 20 activity by means of GA20-oxidase silencing in tobacco resulted in a dwarf phenotype and conserved sensitivity to GA 3 (Biemelt et al., 2004) . We also observed an increase in the biomass of wild-type plants upon GA 3 treatment (Supplementary Table II ), suggesting that there is a change in the whole plant CO 2 assimilation, an effect previously described for gibberellins (Biemelt et al., 2004) . Silenced plants did not, however, exhibit altered biomass (Supplementary Table II ). The observation that wild-type plants had lower levels of sucrose and higher levels of glucose and fructose in the leaves (Supplementary Table II) was probably due to the promotion of invertase activity by GA 3 , as was previously described (Iqbal et al., 2011) . Silenced plants did not show either changes in hexose or sucrose levels (Supplementary Table II Particularly, in tobacco, it has previously been suggested that the active gibberellins in apical shoots are not imported from other organs but are locally synthesized (Gallego-Giraldo et al., 2007) . Thus, it cannot be excluded that silenced plants display an altered local meristematic synthesis of gibberellins affecting flowering. However, we also cannot currently rule out that other hormonal changes influence the flowering phenotype of these transgenic lines.
Conclusion
Although a number of transcription factors have been positioned within the signaling cascade of interactions between sugars and hormones, most of these factors have been identified in Arabidopsis (for a review see Rolland et al., 2006) .
In this study, we provide compelling evidence that ASR1, a transcription factor not present in Arabidopsis (Carrari et al., 2004) , connects sugar, ABA and gibberellins.
Results presented in this paper, together with evidence showing that ASR proteins have transactivation activity in grape fruits (Çakir et al., 2003) and also function as a repressor of transcription of a plasma membrane hexose transporter in potato tubers (Frankel et al., 2007) , lead us to propose a role for ASR1 in photosynthetic tissues. The fact that large phenotypic changes were notable in the silenced lines but not in the overexpressing lines suggests that ASR1 levels in wild-type plants are saturating with regard to their role in glucose metabolism. Whilst further studies will clearly add more evidence about the exact mechanisms underlying these interactions, this study unequivocally associates ASR1 to the modulation of glucose levels in photosynthetic tissues through the regulation of glucose metabolism. This regulation also has an impact on glucose signaling probably through hexokinase1 and SnRK1 which would subsequently affect photosynthesis, leaf senescence and hormone levels. 
Materials and Methods
Generation of the transgenic lines
The 348 bp coding region of the tomato Asr1 gene (GenBank U86130.1) was cloned in sense or antisense orientation into the multiple cloning sites of the vector pBINAR (Liu et al., 1990) 
Selection of the transgenic lines
We screened thirty-four sense and fifty antisense T0 plants on the basis of Asr1 expression levels by Northern blot as described in Frankel et al., 2007 . Sense 
Phenotypic characterization
In T0 plants, fresh weight of leaves, stems and roots were measured. In the homozygous plants, height, stem length between nodes four and eight, fresh weight of leaves, stems and roots and flowering time were measured. Flowering time was recorded as the number of total leaves at the time of flower bud setting.
Photosynthetic parameters
Light-response curves of photosynthetic parameters for each homozygous line and the wild-type plants were obtained from eight replicates per genotype at increasing photon irradiances (0, 50, 100, 300, 700, 1200, 1500 and 1700μmol s -1 m -2 ) using a portable gas exchange system (LI-COR 6400; LI-COR).
Leaf carbohydrate levels
Leaf sugar levels of the T0 plants were measured at a light time point (13 p.m.) and 
Feeding leaf discs with [U-
C]Glucose
Leaf discs were cut from T0 plants at the onset of the light period and washed three times with 10mM MES-KOH (BioChemika, Hungary) (pH 6.5). They were incubated (eighteen discs in a volume of 4mL, shaken at 90rpm) for 1, 2 and 3.75 hours in 2mM glucose including 1.4KBq mmol -1 [U- 
Total protein profile of leaves
Total proteins of leaves of homozygous and wild-type plants were extracted. They were quantified utilizing the Bradford method (BIO-RAD PROTEIN ASSAY, BioRad, Hercules, USA). Equal amounts of proteins were run in a 15% SDS-PAGE and stained with Brilliant Blue R dye (Sigma). SDS-PAGE protocol was based on Sambrook et al., 1989 . 
ASR1 levels in leaves of different ages
Hormone measurements
ABA and gibberellins were measured in leaves of homozygous plants. Leaves were harvested at midday as previously described and lyophilized. The analysis method for extraction and detection of ABA is similar to a previous report (Chen et al., 2009) . For quantification, the data was normalized based on the internal standard [6-D]ABA. The analysis method for extraction and detection of gibberellins is similar to a previous report (Zhang et al., 2011 NtHK1 RV 5´ GCCCTTTGTCCACCTCATAA 3´
NtSnRk1.1 FW 5´ AGATTCGTATGCACCCTTGG 3´
NtSnRk1.1 RV 5´ ACGCCACAGTACCCTCATTC 3´
The reference gene was Elongation Factor1 Alpha (EF1 α ) as described before.
Statistical analyses
Statistical analyses of the data were performed by the Student´s t test, except when otherwise is indicated. 
Supplemental data
The following materials are available in the online version of this article. , respectively, and represent the means ± SE of measurements from five independent plants per line.
Supplementary
Asterisks indicate statistically significant differences in comparison to wild-type controls by Student´s t test (p<0.05). Species in brackets were not detected. GA 34 was convincingly detected but levels were below the reliable level of quantification.
Reconstruction of GA pathway was done based on Yamaguchi (2008) 
